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Effect of sodium bicarbonate on intracellular pH under different
buffering conditions. Previous in vitro studies have reported a paradoxical
exacerbation of intracellular acidosis following bicarbonate therapy due to
the generated CO2 entering the cytoplasm. However, these studies were
conducted in nonphysiological Hepes-buffered media. We compared the
effect of a sodium bicarbonate load on the intracellular pH (pH1) of
hepatocytes placed in nonbicarbonate (NBBS) or bicarbonate (BBS)
buffering systems. The pH of isolated rat hepatocytes was measured using
the fluorescent pH sensitive dye BCECF and a single-cell imaging
technique. Cells were placed in medium buffered with HCO37CO2 or
Hepes. All media were adjusted to pH 7 with L-lactic acid or HC1. An
acute 45 mu sodium bicarbonate load was added to each medium and the
changes in pH were measured every three seconds for 90 seconds. The
sodium bicarbonate load caused rapid cytoplasmic acidification of cells in
NBBS (N = 50, P < 0.001). In contrast, hepatocytes in BBS underwent a
marked increase in pH (N = 50, P < 0.001) without any initial decrease
in pH1. These differences were highly significant for the buffer (P < 0.01),
but not for the acid used. We conclude that sodium bicarbonate exacer-
bates intracellular acidosis only in a NBBS. Hence, in vitro studies
reporting a paradoxical intracellular acidosis following bicarbonate ther-
apy cannot be extrapolated to the in vivo buffering conditions, and should
not be used to argue against bicarbonate therapy.
Controversy over the use of sodium bicarbonate to treat acute
metabolic acidosis has existed for several years [1, 21. Some
authors strongly recommend the use of sodium bicarbonate [2, 3],
while others believe it should be abandoned [1, 4]. Sodium
bicarbonate has been found to cause serious side effects such as
decreased cardiac output and impaired lactate clearance by the
liver [5—9]. These adverse effects could be due to the capacity of
sodium bicarbonate to exacerbate intracellular acidosis [10, 11].
This was seen in several in vivo studies [12—141 and confirmed
using isolated cells in vitro [15—171. These in vitro studies, con-
ducted on various cell models, demonstrated that sodium bicar-
bonate caused a rapid increase in extracellular pH (alkalinizing
effect) with a simultaneous decrease in the intracellular pH
(so-called paradoxical intracellular acidosis). This is due to the
rapid diffusion of dissolved CO2 into the cell, originating from
exogenous HC03 addition (HC03 + H CO2 + H20),
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compared to the slow transport of HCO3, resulting in the initial
overproduction of intracellular H (CO2 + H2O HC03 +
H).
However, these in vitro experiments were conducted using
non-physiological Hepes-buffered media containing neither
HC03 nor CO2 [15—17]. The intracellular acidosis induced by
adding sodium bicarbonate under these conditions may be greatly
amplified for two reasons. First, the extracellular CO2 production
generated by a bicarbonate load is certainly much greater using a
non-bicarbonate buffering system because the alkalinization of the
medium leads to back-titration of the extracellular non-bicarbon-
ate buffer (Hepes in these studies), which liberates additional H
ions and amplifies CO2 production. The second reason is linked to
the loss of intracellular bicarbonate buffering capacity when cells
are suspended in Hepes-buffered media; this reduces the buffering
capacity of the cytoplasm to its intrinsic level (mainly proteins)
[18, 191. Under these conditions, according to the law of mass
action, the increase in intracellular H concentration due to entry
of CO2 into the cell will be much greater, as the cytoplasm
contains little HCO3 —.
We thus postulated that the presence of CO2 and HC03 in the
intra- and extracellular media (which provides conditions closet to
the in vivo ones in which bicarbonate is by far the most important
extracellular buffering system) could attenuate or even abolish
paradoxical intracellular acidosis. The effect of the buffering
system [bicarbonate (BBS) or non-bicarbonate (NBBS)] on the
intracellular pH (pH1) following a sodium bicarbonate load was
therefore evaluated using rat hepatocytes.
Methods
Cell preparation
Hepatocytes were obtained from adult male Wistar rats weigh-
ing 250 to 300 g, and isolated using a technique similar to that of
Berry and Friend [20], as modified by Seglen [21]. Rats were
anesthetized by intraperitoneal injection of 1.25 g/kg bodywt ethyl
carbamate (Sigma-Aldrich, Saint Quentin-Fallavier, France) and
their liver was exposed via a large subcostal incision. The splenic
vein was ligated, the portal vein was canulated and the suprahe-
patic veins were sectioned. The liver was then perfused in situ with
solution I (Table 1) at 60 ml/min and 37°C until it was completely
exsanguinated. It was then removed and placed in a warm
chamber (37°C) for 10 minutes while perfusion was continued. It
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Table 1. Compositions of the solutions used
-_Solution 1 Solution TI Solution III Solution IV Solution V
NaCImM 120 120 120 120 120
KCI mivi 3.8 3.8 3.8 3.8 3.8
NaHCO3 mc 25 25 25 25 0
HepesmM 0 0 0 0 10
KH2PO4 mM 1.2 1.2 1.2 1.2 1.2
MgSO4 mri 1.2 1.2 1.2 1.2 1.2
CaCI2 mM 0 5° 1.3 1.3 1.3
Glucose mg/dl 150 150 150 150 150
EGTAmM 2 0 0 0 0
CO2 5% 5% 5% 5% 0
Multivitamins mg/liter 0 0 0 8.1 0
Amino acids mg/liter 0 0 0 805 0
Gelatin g/liter 0 0 0 15 0
Collagenase A 0 22 mg/ISO ml 0 0 0
pH 7.4 7.4 7.4 7.4 7.4
Solutions III and V were the stock solutions for media A, B and C, D (see text).
a 5 Ca were added to medium II just before starting the perfusion in order to limit formation of CaCO3
was then perfused with collagenase (solution 11; Boehringer
Mannheim, Meylan, France) at the same rate for a further 10
minutes. The liver was then chopped using a scalpel, and the
pieces were suspended in solution II and shaken for five minutes
at 37°C. The resulting cell suspension was filtered, rinsed and
washed three times with solution III. Cells were collected by
centrifugation at X 40 g for 90 seconds and suspended in solution
IV to give a final cell concentration of 5 X iO cells/ml. The cells
were allowed to equilibrate for 45 minutes and then the medium
was renewed. The hepatocytes were kept in a closed container
gased with carbogen (5% C02/95% 02) and gently agitated at
room temperature. Cell viability was determined by Trypan blue
exclusion and any preparation containing more than a 15% dead
cells was discarded.
Media
Four media (A, B, C, D) were used to evaluate the effects of
sodium bicarbonate on the pH1. Media A and B were prepared
from a solution buffered with HC03/C02 (solution III, Table 1)
and brought to pH 7 with L-lactic acid (Sigma-Aldrich, Saint
Quentin-Fallavier, France) (solution A), or HCI (solution B) to
mimic organic and mineral metabolic acidosis. Media C and D
were made using solution V buffered with Hepes brought to pH 7
with L-lactic acid (medium C) or HC1 (medium D).
Measurement of pH,
The pH1 was measured using the pH sensitive fluorescent dye
bis-carboxyethyl carboxy-fluorescein in its esterified form, the
acetoxy-methyl ester (BCECF/AM, Sigma-Aldrich, Saint Qucn-
tin-Fallavier, France). The BCECF/AM normally enters cells
readily, where it is hydrolyzed by cytoplasmic esterases. The
hydrolysis product is confined to the cell and acts as a pH1
indicator [22]. However, because hepatocytes can rapidly extrude
the BCECF [23] leading to pollution of the extracellular medium,
the pH, of the whole cell population could not be measured. A
microspectrofluorometric imaging technique was used to measure
the fluorescence emitted by each cell separately.
Aliquots (3 ml) of solutions A, B, C and D were placed one at
a time, in a 10 ml plastic Petri dish with a collagen-coated glass
base to permit cell adhesion. Fifty microliters freshly prepared
hepatocytes suspension were placed in the center of the dish
(continuously gased with carbogen when solutions A and B were
used) for 15 minutes, then the cells were loaded with 5 of
BCECF/AM for 10 minutes. The dish was then carefully washed
with 10 ml of solution A, B, C or D to remove excess dye and
non-adhering cells. Three milliliters of the solution were then
added back to the dish. The dish was covered with a pierced
transparent screw-cap and gased with carbogen at 100 ml/min
when solutions A or B were used. The dish was not covered and
left aerated for solutions C and D.
The dish containing the BCECF-loaded hepatocytes was then
placed on an inverted microcoscope (X40 objective) Diaphot
TMD (Nikon, Champigny sur Marne, France) giving about 6 to 15
cells per field. The microscope was equiped with a 100 W xenon
lamp for fluorescent excitation. The excitation wavelength was
changed from 440 (pH insensitive) to 490 nm (pH sensitive) by a
switcher Lambda 10 (Sutter Instrument Company, Novato, CA,
USA). The fluorescence emitted by the five most loaded cells was
observed at 530 nm and transmitted via a CCD black-and-white
camera Darkstar 800 (Phototonic Science, Robertsbridge, UK) to
a computer system (PC 486 dx 33 MHz) for processing and image
analysis using Stanvise-Fluo software (lmstar, Paris, France).
Neutral gray filters were employed to adjust the light intensities.
Only changes in pH (pH1) were recorded.
The system was calibrated at the end of each experimental
series by adding 150 ig digitonin (Sigma-Aldrich) to a dish
containing 3 ml medium D and BCECF-loaded cells, and mea-
suring the fluorescence intensity as a function of pH while titrating
with 0.01 N HC1.
Experimental protocol
Each experiment was done in two stages: pH1 was measured
first followed by extracellular pH (pH) and P02. Intracellular
pH was measured every three seconds until it had been stable for
at least 15 seconds. Three hundred microliters of 0.5 M sodium
bicarbonate (Aguettant Lab., Lyon, France) were then added to
the medium (corresponding to an increase in concentration of
45.4 mM) and the pH1 was monitored for the following 90 seconds.
The same sequence was used, randomly, for all four media.
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Fig. 1. Effect of a sodium bicarbonate load on the zpH1 of isolated
hepatocytes in differently buffered media and subjected to organic metabolic
acidosis. Cells were suspended in medium buffered with Hepes (•; N =
25) or HC031C02 (0;N = 25) and acidified to pH 7 with L-Iactic acid.
The bold arrow indicates the addition of sodium bicarbonate. The dashed
line indicates the baseline. Data are means; error bars represent the 95%
confidence interval of mean.
Controls were run by adding 0.5 M NaC1 to media B and D at the
same concentration.
The remaining hepatocytes from the same cell preparation
were then suspended at 5 X 106 cells/mi in 4 ml of solutions A, B
(both gased with carbogen), C and D in a small container and
gently agitated. Samples of this suspension (1 ml) were taken
before and 10 seconds after adding 300 p.l 0.5 Ni sodium bicar-
bonate to measure the increase in extracellular P02 with a blood
gas analyzer BGS 288 (Ciba-Corning, Cergy-Pontoise, France).
The increase in pH was measured using a standard pH electrode
placed in the medium. The HC03 concentration was calculated
from the Henderson-Hasselbalch equation with the appropriate
constants for room temperature.
Statistical analysis
The overall changes in pH1 for each cell was estimated by the
area under the curve of tpH against time (0 to 90 seconds after
the sodium bicarbonate load). Smaller and greater values of pH1
during the first and last 10 measurements were also taken into
consideration. The overall change, smaller and greater values of
pH1 for each buffer (each acidified by 2 acids) were compared by
analysis of variance using the method of equilibrated complete
blocks (cell preparation being the block factor). When there was
interaction with the block factor, comparisons were made using
the corresponding interaction variance. Individual times for a
given medium were compared by Tukey's method. The differences
in Pc02 induced by sodium bicarbonate between buffer systems
were analyzed by a Mann-Whitney non-parametric test. A P value
of less than 0.05 was considered significant.
Results
Results are given as means SD. The pH1 of 150 hepatocytes
from five different cell preparations were analyzed. The effect of
sodium bicarbonate was studied on 25 cells in each medium (5 cell
0 10 20 30 40 50 60 70 80 90 100
Time, seconds
Fig. 2. Effect of a sodium bicarbonate load on the i..pH, of isolated
hepatocytes in differently buffered media and subjected to mineral metabolic
acidosis. Cells were suspended in medium buffered with Hepes (•; N
25) or HCO3/CO2 (0; N = 25) and acidified to pH 7 with HC1. The bold
arrow indicates the addition of sodium bicarbonate. The dashed line
indicates the base line. Data are means; error bars represent the 95%
confidence interval of mean.
preparations x 5 cells each time, that is, 100 cells for all 4 media),
whereas 50 cells were used as control (5 cell preparations X 5 cells
each time, that is, 50 cells for the 2 media). The baseline pH1 value
was lower in NBBS (6.65 0.28 pH units) than in BBS (6.86
0.31 pH units; P < 0.001).
The sodium bicarbonate load caused the pH1 of hepatocytes in
NBBS to considerably decrease. Those placed in the BBS showed
the opposite effect (Figs. 1, 2 and 3). These differences were highly
significant (P < 0.0001) for the overall change, the smaller, and
the greater changes in pH1 (Table 2), and remained significant (P
<0.01) despite the variability of the responses of cell preparations
(significant interaction between the block factor and the type of
buffer used: P < 0.001). The type of acid employed did not seem
to significantly alter the overall change (P = 0.45), or the smaller
(P = 0.39) and the greater (P = 0.58) changes in pH, values.
Sodium bicarbonate induced a marked initial drop in the pH, of
cells in NBBS (P < 0.001). This was most marked 6 to 18 seconds
following the load. There was no correlation between the type of
acid used to acidify the medium and the maximum drop in pH1
(Table 2). The marked cytoplasmic acidification was transient in
medium C (pH1 not significantly different from baseline 48
seconds following the sodium bicarbonate load), whereas it was
persistent in medium D, despite a significant rise in pH1 following
the maximum cytoplasmic acidosis (significant 65 seconds after
the sodium bicarbonate load). However, there was a significant
interaction with the block factor (P < 0.01), so that these
differences in the time course of pH1 could not be taken into
consideration. Sodium bicarbonate induced no initial drop in pHi
of cells in BBS. Frank intracellular alkalinization (P < 0.001) was
significant in 6 (medium A) to 15 seconds (medium B; differences
not significant). The trends of pH1 of the two media were similar
(Table 2). The control NaCl load did not significantly alter the
hepatocytes cytoplasmic pH (Fig. 4).
The P02, PHe and calculated HC03 at baseline and 10
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A was followed by a rapid increase in cytoplasmic pH under these
7.0 near-physiological conditions.
These opposing effects may be understood by examining the
Kassirer equation:
[H(nM) = 24 X Pco (mm Hg)/[HC03] (mrvI).
Therefore, as the HC03, unlike the CU2, enters the cell slowly,
6.5 the initial cytoplasmic increase in H ions concentration induced
- by an extracellular bicarbonate load would be (in the theoretical
absence of intracellular non-bicarbonate buffers):
= 24 X U'co2)/[HC0s]i
where [HC03]1 is the initial intracellular concentration of
6.0 HC03, which is constant in the first few seconds following the
0 20 40 60 80 100 120 load. Accordingly, the differences in initial pH1 between BBS
Time seconds and NBBS induced by an extracellular bicarbonate load are dueB ' mainly to only two variables: directly to the increase in P02 and7.5 inversely to the initial [HC03]1.
The increase in P02 induced by the bicarbonate load was about
four times greater in NBBS than in BBS. In fact, the appearance
of CU2 after bicarbonate loading necessitates the presence of a
H ion donor in extracellular fluid. In the experiments using
Hepes-buffered solution, the source of H was the non-bicarbon-
7.0 ate buffer, that is, 10 mrvi Hepes at pH 7.0. When bicarbonate was
added to the Hepes solution, alkalinization occurred, and H ions
were liberated from Hepes by back-titration of this buffer, ampli-
fying the CO2 production accordingly. In contrast, when bicarbon-
ate was added to the HC03/C02 solution containing very little
—
non-bicarbonate buffer (as in extracellular fluid in vivo [241), the
potential source of H ions was smaller and thus there was less
6.5 CO2 production.0 20 40 60 80 100 120 The initial [HC03]1 obtained from the Henderson-Hassel-
Time seconds balch equation for the baseline results of Pco, and pH1 is about 20
times lower in the NBBS (0.35 mmol/liter) than in the BBS (7.1
Fig. 3. Representative experiment conducted on HC1-acidified media (pHd mmol/Iiter). Therefore, the increase in intracellular H concen-
7) showing the effect of adding sodium bicarbonate (arrow) on the pH of tration induced by a given is about 20 times greater inhepatocytes placed in a non-bicarbonate huffenng system (A) or in a . 02
bicarbonate bi4frring system (B). The 10 hepatocytes all come from the NBBS than in BBS.
same cell preparation. Thus, as the P02 is four times higher in NBBS, the bicarbon-
ate load leads to 80 times more intracellular H in NBBS than in
BBS. The intrinsic (non-bicarbonate) intracellular buffering Ca-
pacity can probably mask the H ion overproduction in BBS,
seconds after adding sodium bicarbonte are summarized in Table whereas the strong H ion overproduction in a NBBS exceeds this
3. The increase in P02 induced by the sodium bicarbonate load capacity and thus leads to a marked decrease in cytoplasmic pH.
was 49.8 1.7 mm Hg in NBBS, and 13.5 1.9 mm Hg in BBS We therefore believe that previous in vitro studies reporting
(P < 0.001). paradoxical intracellular acidosis in media buffered with Hepes
[15—17] cannot be extrapolated to in vivo buffering conditions.
Discussion We used isolated hepatocytes as a biological model. The results
The rationale for using sodium bicarbonate to treat metabolic obtained in vitro with hepatocytes are probably not the same as
acidosis has long been debated. One of the claimed effects of those that would be obtained in vivo using whole liver, in which
sodium bicarbonate is that it exacerbates the preexisting intracel- the buffering system may be more closed, leading to a greater local
lular acidosis. This seems to be directly due to the rapid entry of increase in CO2 for a given bicarbonate load. Indeed, the ability of
released CO2 into the intracellular compartment, as documented the generated CO2 to escape will depend on many parameters,
in several in vitro studies conducted in NBBS [15—17]. We studied including the organ density, vascularization and local blood flow.
cells in media buffered with HC03/CO2 (BBS) or Hepes However, the CO2 production resulting from bicarbonate loading
(NBBS). Our results question the existence of an in vivo paradox- was allowed to escape in a similar way in the two buffering
ical intracellular acidosis following the addition of sodium bicar- systems, as the Petri dish containing the hepatocytes was not
bonate, as pH1 dropped only when the cells were placed in a covered and exposed to atmosphere in NBBS, whereas it was
NBBS. Cells in BBS showed no intracellular acidosis in response covered and gased with carbogen in BBS. Moreover, we used a
to sodium bicarbonate. Furthermore, a sodium bicarbonate load very high bicarbonate load, which compensated for the opening of
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Table 2. Time course of pH1 for individual cells after a NaHCO3 load (TO), given by the overall change a, the smaller pH, value observed during
the first 30 seconds following the load and the greater pH value observed during the last 30 seconds
Hepes-buffered media HC037C02-buffered media
Lactic acid (medium C) HC1 (medium D) Lactic acid (medium A) HCI (medium B)
N 25 25 25 25
Overall change apH units sec —2.30 3.54 —4.18 1.79 +8.95 6.09" +8.59 7.03"
(0—90 seconds)
Smaller pH1 value pH units
(—6.64 to +4.05)
—0.19 0.10"
(—7.68 to —1.89)
—0.19 0.07"
(1.37 to 19.29)
+0.01 0.04"
(0.18 to 25.39)
—0.03 0.04"
(first 30 seconds)
Greater pH value pH units
(—0.42 to —0.07)
+0.02 0.16 (—0.33 to —0.10)—0.09 0.06 (—0.06 to O.13+0.44 0.27 d (—0.10 to O.O7+0.48 0.35 d
(last 30 seconds) (—0.20 to 0.38) (—0.20 to +0.03) (0.11 to 1.05) (0.06 to 1.21)
Values are means SD (range).
a Overall change is the area under the curve when pH, is plotted against time for each cell. It may be negative if overall change in pH is cytoplasm
acidification and positive in case of alkalinization.
b P < 0.01 compared with Hepes-buffered media
P < 0.05, "P < 0.001 compared with baseline values
—0.2
—0.3
—0.4
NaCI
0 10 20 30 40 50 60 70 80 90 100
Time, seconds
Hepes-buffered HC037CO2-buffered
media media
Fig. 4. Effect of NaCI load on the ApH of isolated hepatocytes (control
groups). Cells were suspended in medium buffered with Hepes (•; N = 25)
or HC037C02 (0; N = 25) and acidified to pH 7 with HC1. The bold
arrow indicates the addition of NaCI. Dashed line indicates the baseline.
Data are means; error bars represent the 95% confidence interval of
mean.
the buffering system as previous studies have reported that
post-infusion CO2 production is directly related to both the load
and the rate of bicarbonate administration [25, 26]. Furthermore,
it has been shown that the degree of cytoplasm acidification
induced by a bicarbonate load in NBBS is dose-dependent [17].
We used a high load of sodium bicarbonate added in less than one
second. Despite these extreme conditions, there was never any
drop in the cytoplasmic pH of cells in BBS.
In vivo studies on the effect of sodium bicarbonate on liver pHi
have given contradictory results. Some studies on dogs [12, 13]
and rodents [14] indicate that sodium bicarbonate causes a drop in
the liver pH within a few minutes, while another study reported
an increase in pH, [25]. However, the hemodynamic parameters
after sodium bicarbonate administration were not the same as in
the other three studies. Cardiac output dramatically decreased in
the first three studies, while it remained unchanged in the last. As
a result, the drop in pH, may reflect cellular hypoxia due to the
decrease in oxygen delivery (as shown by the increased lactate
removal), rather than an extreme intracellular carbonic acid load.
Previous in vitro studies were performed on cell populations
(platelets [15], aortic endothelial cells [16], lymphocytes [17]) that
are not greatly implicated in acid-base homeostasis. This study
was conducted on isolated hepatocytes, which play an important
role in this equilibrium, largely because of their ability to metab-
olize rapidly organic acids. This might explain the slightly more
rapid, althought non-significant, tendency of the pH, to increase
when lactic acid was used to acidify the medium rather than
hydrochloric acid. The other parameters governing the later
changes in pH, will depend on the activation of systems such as the
HC03 entry pathway, the production of organic acids and the
membrane ionic pumps to extrude H. The hepatocyte mem-
brane is rich in both the electrogenic NaIHCO3 cotransporter
[27—29] (a system implicated in the entry of HC03 into the cell),
and the Na"/H antiporter system (a potent cytoplasmic acid
extruder stimulated by intracellular acidosis [23] and hyperos-
motic challenge [30]). These systems are probably triggered by the
sodium bicarbonate load and thus explain in part the pronounced
alkalinizing effect of the sodium bicarbonate load on hepatocytes
placed in BBS and the transient decrease in pH, of cells placed in
NBBS. The intracellular alkalinization of cells in BBS induced by
sodium bicarbonate is probably limited by the increased produc-
tion of organic acid such as lactic acid, whose synthesis is
0.4
0.3
0.2
0.1
0
—0.1
Co
I
I0.
Table 3. Extracellular pH (pH), Pc02 and calculated bicarbonate
(HCO3) before and 10 seconds after adding sodium bicarbonate
(N = 10 for each buffer)
Before 6.99 0.03 (6.93—7.05) 7.00 0.05 (6.94—7.07)
After 7.57 0.02 (7.54—7.60)
Before 3.2 1(1.8—5)
7.66 0.02(7.63—7.69)
38.8 1.2(37.2—41.0)
p1-10
pH units
PC02
mm Hg After 53 2.1 (49.2—55.9) 52.4 1.5 (50.2—54.0)
HCO3
Before 0.8 0.3 (0.4—1.3) 9.8 1.0 (8.4—11.0)
mmol/liter After 49.1 2.7 (44.1—52.1) 60.6 3.1 (55.4—64.9)
Results are means SD (range).
a HCOIC was calculated from the Henderson-Hasselbalch equation
with the appropriate correction for room temperature
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increased via the activity of phosphofructokinase-1, a pH-depen-
dent enzyme. This cytoplasm alkalinization is theoretically bene-
ficial when metabolic acidodis is due to tissue hypoxia, as lactic
acid generation is the only source of ATP under these conditions
[311.
In conclusion, this study demonstrates that a sodium bicarbon-
ate load does not exacerbate intracellular acidosis when cells are
placed in a BBS and that the paradoxical effect of bicarbonate on
cytoplasmic pH occurs only when cells are bathed in a non-
physiological NBBS. These conclusions do not justify bicarbonate
therapy in the treatment of metabolic acidosis, but they do show
that in vitro studies reporting a paradoxical effect of bicarbonate
on cytoplasmic pH cannot be extrapolated to in vivo buffering
conditions. These studies should therefore not be used to argue
against bicarbonate therapy.
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